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Review question/objective
The aim of this systematic review is to present the best available evidence on the use of physical restraint to prevent patient-initiated device removal in adult ICUs patients.
The review question: what is the effectiveness of physical restraints on prevention of patientinitiated device removal in adult ICU patients?
Background
Restraint in medicine is the use of physical or chemical means to control unwanted behavior, such as agitation, self-extubation, unwilling removal of invasive devices or fall 1 .
Physical restraint has been defined as "any manual method or physical or mechanical de vice, material or equipment attached or adjacent to a patient's body, that he or she cannot easily remove, that restricts freedom of movement or normal access to one's body" 2 .
The major reason for the use of physical restraints in intensive care units (ICU s) 3 , 4 is to protect patients from self-removal of therapeutic devices in light of the current sedation trends including daily wakening protocols and a shift in clinical patient management from deeper to lighter sedation 1 .
Premature discontinuation of technologically complex therapies (endotracheal tube, intra aortic balloon pump, lung drainage, central venous catheter, arterial catheter, indwelling bladder catheter, feeding tube, ect) may result in serious harm, injury or death 3 , 4 , 5 ; patient removal of devices other than endotracheal tubes (eg intra aortic balloon pumps) may have similar levels of life-threatening harm; on the other hand, devices as peripheral intravenous catheters may be more likely to cause minor to no harm in patients but can consume significant staff time or costly resources 3 , 6 .
Although the maintenance of therapeutic devices is a primary reason for the use of physical restraints in ICUs, little is known regarding the rate of patient-initiated device removal other than endotracheal tubes. According to the literature since the 1970s a number of investigators have focused on patient self-extubation from mechanical ventilation 3 . In the past decade, studies from the United States 6 13 , and Asia 14 , 15 have reported incidence rate of self-extubation ranging from 0.3% to 14.3% and prevalence rate of 2.0 to 25.6/1000 ventilator-days 3 ; one third or more of the self-extubation events occurred despite use of wrist restraints 3 , 7 , 10 , 13 leaving the effectiveness of physical restraints an unresolved issue.
Even if physical restraint is often seen as a "simple" 16 solution to the problem of the treatment interference in critically ill patients, according to many authors 2 , 16 , 17 , 18 , 19 the benefits are uncertain, as it can heighten agitation and may have devastating physical and psychological effects on the patients 20 .
The use of physical restraints seems to vary within and between countries. In Norwegian ICUs interventions to prevent treatment interference have traditionally not included the use of physical restraints; rather, a norm has prevailed for nurses to remain within a distance that allows direct observation and "eye contact" with intubated patients, both to avoid isolation and to be alert for sudden behavioral changes. Devices commercially available in the United States, such as soft wrist restraints and vest jackets, are not marketed to the critical care community in Norway 20 .
In the British Association of Critical Care Nurses position statement 21 on the use of restraint in adult critical care unit the authors suggested many alternative non-restraint methods to manage agitated patient and to prevent the device removal: minimizing noise and sleep deprivation, promote patient comfort, assess and monitor pain levels, reduce isolation as far as possible and involve the family in the surveillance of the patient. The investigation in the acute care settings included also -but not exclusively-studies carried on in ICUs; the results about the reasons for initiating physical restraint in the acute care hospitals highlight that "treatment-oriented reasons" (to protect patients from preventing devices removal) were cited in 85% of the reports found. The most common cited reasons for using physical restraint devices in both the acute and residential care setting are factors associated with the care of the patient: safety, agitation, behavior control, wandering and support were the five sub-themes identified within the "patient -oriented reasons".
The review showed that there is little information related to the prevalence of restraint-related injury in either the hospital or residential care settings. Death is the most commonly reported adverse event directly related to the use of physical restraints that has been reported in the literature retrieved by Evans et al. However, the authors noted that because of the seriousness of this event, it is far more likely to be identified during retrospective record reviews than less serious injuries; it is possible that some serious, but non-fatal, injuries may not have been detected by the retrospective studies identified. In terms of the circumstances surrounding the reported deaths, the most common is the asphyxiation caused by vest restraint and the victims were typically elderly residents from nursing homes. However, deaths caused by vest restraints have also been reported in younger people and in the acute care setting. The circumstance of the deaths appear to involve the restrained person being able to partially exit the bed or chair and so become trapped by the restraining device. There is little information concerning minor injuries caused by restraint devices like nerve or ischaemic injury caused by wrist restraint, a device often used in ICUs.
According to the authors there have been only limited rigorous evaluation of restraint minimization programs, particularly in the acute care setting; while there have only been a small number of studies in the acute care setting, it appears that the reduction in restraint use in this setting is not as great as has been achieved in residential care facilities. The effectiveness of restraint minimization programs, and the impact on both minor and serious injury, is an area in need of further investigation.
A vast number of alternatives (for example: quiet single room, familiar staff, physical, occupational and recreational therapies, increased staffing level, additional supervision and observation, active listening, increased visiting, provide companionship using family, friends or volunteers) have been used during physical restraint minimization programs, and many others have been suggested based on expert opinion. However, no individual alternative has been demonstrated to be effective and most have not been subject to any evaluation. While a number of studies have shown that physical restraint can be reduced using a variety of interventions, it has not yet been determined which interventions are effective.
The aim of the present systematic review is to focus on adult ICUs patients and to present the best available evidence to support decision pertaining the controversial use of physical restraint to prevent patient-initiated device removal.
Inclusion criteria

Types of participants
The quantitative component of this review considered studies that include all adult (>18 years old) ICU patients:
-with all types of devices (for example -but not limited to-endotracheal tube, IABP, lung drainage, CVC, indwelling bladder catheter, arterial catheter, feeding tube, etc) -with any kind of pathology, at any degree of severity and any kind of co-morbidity.
Types of intervention(s)/phenomena of interest
The quantitative component of the review considered studies that evaluate:
INTERVENTION
Physical restraints intended as any kind of device, material, or equipment that is attached (n ot only "adjacent": bed rails in ICU cannot be considered physical restraints) to a person's body and deliberately prevents the person's free bodily movement.
-All types of sedation at any dosage are accepted in light of the current sedation trends including daily wakening protocols 1 and a patient's activity level scored as calm and cooperative -Patient treated with neuromuscular blocking agent (NMBAs) are excluded from this systematic review; neuromuscular blocking drugs block neuromuscular transmission at the neuromuscular junction, causing paralysis of the affected skeletal muscles. Their use in ICUs is usually limited to patients affected by severe acute respiratory distress syndrome (ARDS) 23 because they require a deep sedation and could be implicated in lung atelectasis 24 , 25 ICU-acquired myopathies and prolonged duration of mechanical ventilation 26 , 27 .
Patients treated with NMBAs can't make any movement -restrained or not-and they are not subjected to self-removal of therapeutic devices.
COMPARISON
Any other strategy (for example -but not limited to-surveillance by family members/volunteers, direct nurse observation, environmental factor, effective communication)
Types of outcomes
This review considered studies that include the following primary outcome measures:
-Frequency of patient-initiated device removal in restrained/not restrained patients.
Where possible this review considered also secondary outcome measures:
-Complications related to patient-initiated device removal (for example -but not limited tobleeding/haemorrhage, respiratory failure/failure, delay in therapy, pneumothorax, urinary retention, aspiration, hypotension, ect)
-Complications related to the use of physical restraints in terms of direct injury (for example -but not limited to-lacerations, bruising, development of pressure sores, ischaemia, nerve compression, etc)
Types of studies
The review took into account any randomised controlled trials and quasi-experimental studies. Because of the adverse nature of the review outcomes, both analytical and descriptive observational study designs were considered for this systematic review.
Search strategy
The search strategy aimed to find both published and unpublished studies. A three-step search strategy were utilised in each component of this review. An initial limited search of MEDLINE and CINAHL had been undertaken followed by analysis of the text words contained in the title and abstract, and of the index terms used to describe article. A second search using all identified keywords and index terms had been undertaken across all included databases. Thirdly, the reference list of all identified reports and articles had been searched for additional studies. No restrictions were placed on date of publications and each database was searched as far back as possible; there weren't also any language limits. The searched databases include:
The search for unpublished studies included:
-Grey literature report -GOOGLE SCHOLAR The types of participants were "all adults" (>18 years old).
The initial key words were: physical restraints, chemical restraint, unplanned extubation, self-extubation, device removal, treatment interference, therapy disruption, agitation, intensive care unit, critical care. The search strategies for identification of the publications are presented in Appendix I.
Study selection
The title and abstracts identified from the search were stored in a database. Each citation was assessed against the inclusion/ exclusion criteria independently by two reviewers and the full text of studies deemed relevant were obtained; for studies with unclear titles and abstracts, the full text was also obtained. In four cases it wasn't possible to retrieve the full t ext.
Additional search on references lists and bibliographies of retrieved full text was carried on. The 60 retrieved studies were assessed through PICOM strategy independently by two reviewers: the 11 selected studies reported in table 1 were submitted to JBI-MAStARI critical appraisal criteria. The flow diagram of the selection process and reasons for exclusion of the publications reason for the exclusion is showed in Figure 1 . 
Assessment of methodological quality
The 11 studies selected were assessed by two independent reviewers for methodological validity prior to inclusion in the review using standardized critical appraisal instruments from the Joanna Briggs Institute Meta Analysis of Statistics Assessment and Review Instrument (JBI-MAStARI), see figure 2 and Appendix II. Any disagreements arisen between the reviewers were resolved through discussion in order to reach consensus. Figure 3 shows the JBI-MAStARI critical appraisal criteria for Comparable Cohort / Case Control Studies: this tool was used to assess the studies reported in summary tables 2-7. Figure 4 shows JBIMAStARI critical appraisal criteria for Descriptive / Case Series Studies: this tool was used to assess the studies reported in summary tables 8-12. The authors kindly replied to the reviewers that they don't have the requested data. The present SR is abo ut patient-initiated device removal in physically restrained but not "chemically paralyzed" patients. 
Description of studies
Of the 11 studies submitted to JBI-MAStARI critical appraisal criteria a total of 6 publications were included in the present review: one prospective cohort study, two retrospective case-control, one prospective case-control and two retrospective case-series. Two of them were carried on in Nineties and the remaining from 2006 and 2008.
Two studies were conducted in the USA, two in Europe (France-Spain), one in Canada and one in Asia. The settings of the included studies were three medical ICUs, one surgical ICUs and two general ICUs.
The samples studied were not big: they ranged from 23 patients in the smallest case-series to 300 in the biggest case-control study. This is due to the type of the included studies that are all observational.
Although the area of interest of the present SR was "patient-initiated device removal" in adult restricted ICU patients with all types of devices (for example -but not limited to-endotracheal tube, IABP, lung drainage, CVC, indwelling bladder catheter, arterial catheter, feeding tube, etc) t he included publications regarded only the unplanned removal of endotracheal tube. The only three studies about other type of devices were excluded either because lack of data 11, 73 or because paediatric patients were involved 3 .
Considering that all the included studies were about unplanned extubation, the type of restraints utilized were almost always soft wrist/hand restraints; in fact it is the most co mmon device to prevent ICU intubated patients from self-extubation. Only in two studies 28, 36 it was not clearly stated and another one 29 reported that in three instances patients had more than one type of restraint in place at the time of the self-extubation.
Data collection
Quantitative data will be extracted from papers included in the review using the standardised data extraction tool from JBI-MAStARI (Appendix III). The data extracted will include specific details about the interventions, populations, study methods and outcomes of significance to the review question and specific objectives.
Data synthesis
Quantitative papers will, where possible, be pooled in statistical meta-analysis using the Joanna Briggs Institute Meta Analysis of Statistics Assessment and Review Instrument (JBI-MAStARI). Where statistical pooling is not possible the findings will be presented in narrative form.
Final considerations before data extraction and synthesis
Only six studies met the criteria to be included in the present systematic review. They were all observational studies: cohort, case-control and case-series studies. This is due to the type of reviewquestion and its ethical impact: it is almost impossible to find RCTs about the effectiveness of physical restraints to prevent patient-initiated device removal. As it is well known the strength of inference from a cohort or a case-control study will always be less than that of a rigorously conducted RCT because randomization is the best way to ensure that groups are balance at baseline with respect to determinants of outcome. The reviewers will take it into account in the data extraction and synthesis.
About the outcomes of the present systematic review only the primary one had been investigated in the six included studies: they all collected the frequency of patient-initiated device removal in restrained/not restrained patients, but only few of them considered also the complications related to patient-initiated device removal and none of them the complications rela ted to the use of physical restraints in terms of direct injury.
Last consideration about all the studies included (apart from one28) is that their first objective wasn't to investigate the effectiveness of physical restraints to prevent patient-initiated device removal but mostly to understand the reasons for unplanned extubation. The data about physical restraints had been collected as part of patients characteristics in unplanned extubation events. In addition four out of six studies were retrospective and the data had been collected using medical chart: in such designed studies could it be that the data about physical restraints were underestimated? This is a question that reviewers will take into account together with the lack of strength of observational study design.
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